Keywords: rare earth element, REE pattern, stream water, mixing model, water-rock interaction without using computers. On the contrary, it should be very difficult to evaluate features of human faces by digital method, although recent development of computer science and technology may make it easy in near future.
INTRODUCTION
addressed significance of mixing of two components together with subsequent concentration or dilution for the interpretation of the REE data of Nakajima and Terakado (2003) . It is true that mixing of two or more components might more or less occur during water flows in the earth's surface or in the underground aquifer, but emphasis of such mixing processes should miss the important scientific points arisen in the nature. Moreover, it should be noticed that rare earth element (REE) patterns are usually similar showing rectilinear shape on the REE pattern diagram, and thus, extremely speaking, any REE patterns themselves can be easily created by two or three component mixing. In the present paper, I would like to indicate some problems concerning the comments of Hutchinson and to present additional discussions on the important aspect of our previous paper in relevance to the mixing model.
THE NATURE OF REE PATTERN
Hutchinson stated "A table of eleven localities by ten REEs is 110 numbers that we need to understand-is there any way of making this process easier?" and exaggerated the effectiveness of the mixing plus concentration or dilution model proposed by Monecke et al. (2000) and of SPSS software. Hutchinson placed too much faith on the numerical method, I think, because one merit of REE pattern is that we can visually understand several features of REE data of many samples at once on the REE pattern diagram. This is analogous to our empirical understanding that we can easily and clearly distinguish human faces
The REE abundance data usually show rectilinear patterns, when the normalized abundances are plotted against atomic numbers, i.e., log(C i,j ) n = a j ·N + b j , where log(C i,j ) n is a normalized concentration of REE, N is atomic number, a j represents a slop of the line, and b j is an intercept of yaxis. For three sets of the normalized REE patterns ( j = 1, 2, and 3) of linear relationship, the following equation is obtained:
Examples of log(R ( Fig. 1 -B, the log-log plot using the same data are presented, showing two straight lines. Comparing these two figures, overall linearity seen in Fig. 1 -A is better than that of Fig. 1-B , but the linearity of each segment is better in Fig. 1-B . Aside from one datum which deviates from the line, these observations indicates that, the normalized REE patterns for those three samples are composed of two linear segments having the same turning point. Figure 2 is the other example for comparing two types of plots. Figure 2 -A is the same plot as figure 2 of Hutchinson, and the same data are used in a log-log plot in Fig. 2-B . Excluding one point, Fig. 2 -B seems to show a broad straight line.
It should be noted that at the beginning, La, Ce and Eu are excluded from the data used for Figs. 1 and 2 . Moreover, the data points seen in Fig. 1 -A do not show a good straight line. Therefore, the linearity of the figures of Hutchinson is not as good as pointed out by Hutchinson.
ANOTHER INTERPRETATION
The stream waters are produced by reacting of the rainwater with rocks. The rainwater is almost distilled water, and the rocks are granite in our case. Thus, the concentrations of elements in the stream waters are regulated by a combination of the extent of the water-rock interaction and the extent of scavenging of element by particles. Thus,
, where ξ j indicates the extent of waterrock interaction for sample j, W i indicates the leachability of element i for a unit mass of water, depending probably on the concentration of element i of the rock, η j indicates the extent of adsorption on particles, depending probably on particle density or surface area of the particles, and D i indicates adsorption ability of element i on the particles for a unit mass of water.
Then, we obtain for three samples 1, 2, and 3:
This equation also demonstrates a straight line on the Hutchinson's diagram.
ESSENTIAL PROBLEMS CONCERNING STREAM WATER CHEMISTRY
The waters concerned in this study are running even in the underground aquifer because of the relatively steep slopes in the Rokko Mountains. The concentrations of elements in the original rainwater gradually increase as the water flows down. Therefore, the extent of water-rock interaction ξ j controls the concentration of the elements. In the relatively steep and elevated positions, where water runs fast and does not stagnate, the extent of waterrock interactions might be relatively low. On the other 
Fig. 1. Scatter plots of R (3,5′)i vs. R (4,5′)i (A), and log(R (3,5′)i ) vs. log(R (4,5′)i ) (B). A: The replicate diagram of figure 1 of Hutchinson. Note two rectilinear segments, and the overall linearity in A is not so good.
hand, the water that reached in the mount foot has traveled for a relatively long way from the elevated position, and the extent of water-rock interaction should be relatively high. It would be noted that alkalinity would be a measure of the extent of water-rock interaction.
The sample #10, which was collected at the relatively elevated position, has relatively low major element concentrations and low alkalinity, as expected in the above contention. However, #10 has relatively high REE concentrations, which is considered to be due to high reaction ability of the weathered rocks. Thus, the weathering degree and the extent of water-rock interaction are the important factors.
As seen in most rivers, the waters from many tributaries are mixed each other, resulting in the confluent river. It is difficult to exclude such mixing effect in general. Hutchinson stressed that the samples of #3, #6, #5′ and #8 are mixed in this order. However, the geographical positions of these samples are cut by valleys and ridges. Specially, #5′ is an intermediate sample between #3 and #8 in the mixing model, but their sample positions do not support such mixing (see figure 1 of Nakajima and Terakado, 2003) .
This problem can be reconciled by considering that the waters having similar end-member chemical characteristics may occur ubiquitously in the Rokko Mountain area, since the interaction of similar materials (i.e., rainwater and granite) may produce similar chemical features. Such contention, however, supports significance of chemical processes rather than mixing.
Conclusively, I do not deny the idea that mixing processes take place in some extent in the stream water formation in the Rokko Mountain area. However, it is the genesis of the end-member that is an important problem that we should solve. Moreover, without calculations, it can be easily understood by using the REE patterns that #5′ is an intermediate shape between #3 and #8. Moreover, the mixing model must explain all of the parameters, aside from specific components such as volatiles. For these reasons, I believe that the Hutchinson's comments do not alter importance of our previous paper.
